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INTRODUCTION 
The Importance of the Rose to the Nursery Industry 
The rose has long been a favorite flower of home 
gardeners the world over. As a result or this popularity, 
the sale of rose bushes comprise a large per cent of the total 
gross sales of the nursery industry. 
According to the 1950 Agriculture Census, as reported 
by 1,1+53 nursery establishments, there were 1+6,230,320 rose 
plants sold for a total of $11 ,328 ,071 in 1949. This amount 
was 15. 9 per cent of the total for all ornamental plants sold 
by the nursery industry in that year (56) . 
In 195?, the ten leading rose production states 
produced 40. 9 million roses, which sold for a wholesale 
value of $13,236,800. This number, however, comprised only 
80 per cent of the total rose crop for that year . .An esti-
mation of the total crop for 195? would be approximately 
50 million roses having a wholesale value of over 16. 5 
million dollars (54). 
The 1959 Agricultural Census representing only 
926 nurseries reported the production of 69,139,5'1+0 plants 
with a wholesale value of $15,815,103 (55). 
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Purpose of Study 
Winter storage of fall dug roses has been a common 
practice in the nurs.ery industry tor many years . The main 
purpose of winter storage is to hold plants, which have been 
properly grown, matured, dug , and processed, through the 
winter in a viable, dormant, and disease- free condition. 
In this way, the nurseryman will have stock available tor 
marketing in the early spring which has escaped possible 
damage from severe winter conditions and/or rodents . 
One rose storage problem which has been quite common 
pertains to a delay 1n the bud break or many varieties fol -
lowing removal trom storage and planting . This response 
could be the result or two conditions , that is , the lack ot 
dormancy and subsequent immaturity at the time or digging, 
or the loss or moisture at some point during the digging, 
shipping, processing, storage, and distribution sequence . 
The objective of this study was t~ determine if 
roses were mature at the time they are normally dug in the 
late fall in Cal1£ornia. In addition, it was the purpose 
of this study to determine if , and where, 1n the normal 
processing sequence the plants were losing a critical amount 
of moisture to cause a delay in bud break after potting 
or planting in the garden. 
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LITERATURE REVIEW 
Introduction 
In the early history of the nursery business, the 
storage of plant materials in caves or crudely insulated 
structures was considered a hazardous practice . As a re-
sult, the procedure of digging stock immediately prior to 
sale 1n the early spring was generally followed (16). Today, 
with the advent of new building materials, mechanical re-
frigeration, and improvements in storage design, fall digging 
of ornamental plant materials and the overwintering of this 
stock 1n nursery storages is an integral part of the opera-
tion for most large wholesale nurseries (4). 
The removal ot salable plant materials from the 
field in the late fall and early winter facilitates the 
handling and distribution of deciduous and evergreen nursery 
stock, particularly by the production nursery . After plants 
have matured normally, a process triggered by cooler tem-
peratures and shorter day lengths; they can be harvested in 
prime condition. The removal of stock in the fall also 
permits nurserymen to leisurely grade and prepackage plant 
materials 1n advance or spring sales . Storage of plant 
materials allows nurseries to fill and distribute orders 
to warmer climatic zones before the ground has thawed in 
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the spring . In addition, fall digging eliminates the need 
to wo.rk in the field when wet soils might prevent the use 
or heavy machinery . The use or refrigerated storages has 
also permitted the nurseryman to maintain stock in a dormant 
condition relatively late in the planting season. This pro-
cedure extends the normal period during which plant materi ... 
als can be planted with a minimum loss (2, ~, 9, 10 7 11, 18, 
and 30) . 
Storage Problems 
The sequence of preparing stock for winter storage 
is affected primarily by the weather conditions which occur 
during any particular growing season. As deciduous plant 
materials undergo the normal maturing processes, high rain-
fall late in the season complicates the harvesting proce-
dures and often adversely affects storage performance (14) . 
In years when drought conditions exist, extreme care must be 
exercised during the harvesting sequence in order to prevent 
undue loss of moisture . Excessive water loss from the plant 
not only effects the keeping quality during the winter, 
but also the growth of the plant after distribution and 
planting ( 53). 
Prestorage Plant Preparation 
Regardless of the efficiency of the specific cold 
storage unit, the most modern storage facilities are use-
less if the plant materials which are to be stored have not 
been properly matured and hardened. The storage or immature 
plant materials generally results 1n severe losses during 
both the storage period and after field planting (4, 10, 
28, 30, and 42) . 
There would be little gained from producing a quali-
ty plant product, if it is not promptly and properly han-
dled during the digging operation and while in transit to 
the storage area (1+2) . ·rhe storage performance of fall dug 
nursery stock therefore, depends in part upon how well the 
nurseryman has performed the details of growing , digging , 
and handling the plants prior to actual storage (2, lf., and 
18) . 
Maturity and Hardening 
Many nurseryman use the terms maturity and hardening 
interchangeably. Although they are closely related, the 
processes are not synonymous. According to Tukey (52), the 
sequenoe of events that results in a mature plant begins at 
the onset of the growing season and continues throughout 
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the active growth period. In order to maintain vigorous 
plant growth; which is favorable to the maturing process, 
normal cultural practices should be carried out , inclusive 
of a planned spray program to prevent premature defoliation 
{30) . Tukey (52) indicated that although the wood may be 
hard, this does not imply that the plant is properly matured, 
sinee it must be in good vigor as well . Too often, foliage 
is lost or damaged during the growing season before the plant 
is well matured resulting in the death of the plant the 
following winter . 
Lyle (25) has described the use of starch tests as 
a quick method or determining the relative maturity or rose 
bushes . This process is used to successfully predict the 
optimum time of digging and utilizes a rating system based 
on the location of starch crystals 1n the canes . Brandon ' s 
(5) experiments on the starch content of rose canes have 
demonstrated the validity or this rating system. However, 
the starch maturity rating has been perfected only on roses 
and additional work would be required before similar systems 
could be applied to other crops. 
As fall approaches, the onset of short days and cold 
weather naturally hardens plant materials . 
dug and placed in storage overwinter (58) . 
They can then be 
Arly method which 
will check the growth of plants, but not interfere with 
photosynthesis will increase the differentiation processes . 
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In plants, where the growth process is shifted toward dit-
ferentiationt a thicker cuticle, thicker cell walls, and 
more cell inclusion products may result (23 and 58) . Other 
physiological changes which are brought about by the har-
dening process in.elude a relatively low cell water content, 
a. relatively high sugar content and osmotic cell pressure, 
and a molecular rearrangement in the protoplasm. All of 
these factors promote or increase frost resistance in hardy 
plants (22, 27, 31+, and 58) . Levitt (22), and Vasilyev (58) 
have reported that a plant resistant to frost damage is in 
ideal physiological condition for storage. 
Stone and Schubert (49), working with Ponderosa pine 
concluded that the deleterious effects of storage may be 
clearly associated with a failure to achieve physiological 
hardiness before the plants were placed in storage . Marth 
(32 and 33) noted that when immature roses were placed in 
storage they readily became infected with molds and dieback. 
Others have also studied the effect of maturity on storage 
performance and subsequent field survival (1 and?) . 
In the northern portion of the United States, periods 
0£ inclement weather early in the fall often creates a need 
for an earlier hardening- off period than usually results 
trom the normal progress or the season. This additional 
time is necessary to permit the completion of the tall 
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digging season, especially for large wholesale nurseries 
which dig a large quantity of stock (14) . The methods 
commonly utilized by the nursery industry to induce early 
fall hardening includes: (a) withholdi.ng the water supply, 
(b ) terminating cultivation 1n the late summer , and 
(c ) withholding nitrogenous fertilizers after the middle 
of the growing season (30 and 52) . 
In climatic zones where warm weather and frequent 
rainfall favors late growth, it is difficult to induce the 
hardening of these plants . However, DUruz (14) has reported 
that defoliation tended to hasten the hardening process 
under these conditions. For this reason, the nursery in-
dustry has utilized many methods for causing the premature 
defoliation of nursery stock established in the field. 
Defoliation 
Many young woody orna.10.entals hold their leaves well 
beyond the end of the growing season. Seedling and recently 
propagated plant materials generally retain their foliage 
later in the growing season than older plants of the same 
species . Premature det"oliation of these plants favor both 
improved storage performance and field survival (8, 35, 
and 45) . 
Milbrath (3') indicated that any method used for 
9 
defoliation must be easily and inexpensively applied, and 
lend itself to large seale operations . The method shoul~ 
result in defoliation in a relatively short period of titne 
without injury to the plant material . Although several 
methods of defoliation are now in use by nurserymen, the 
most efficient or these are performed in the storage fac~li­
ty rather than 1n the field . 
The methods used to induce premature defoliation 
can be grouped in five general categories . One procedure 
results in foliage destruction by the use of heat (flame 
thrower) or chemicals sueh as potassium cyanate (1+3) . 
The second category incorporates the use of all 
cultural procedures which would result in the disruption of 
the normal physiological processes of the plant and thereby 
cause premature leaf fall . This would include sueh prad-
tiees as reducing the water supply, undercutting, and 
partial lifting several weeks prior to digging (43) . 
The third group includes d.ef'oliat1on methods th~t 
either remove the leaf entirely or otherwise injure it . 
Hand or mechanical stripping or the use of browsing aniIIJalS 
such as sheep are used to accomplish this purpose (8, 3~, 
1+3, and 45). 
A fourth category of defoliation methods incorpo-
rates the use of chemicals applied in the field whioh 
induce the formation of an abscission layer in the leaves. 
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Products such as Naeconal, Miagrathal, Vapam, and Folex have 
been successfully used for this purpose (8, 20, 26, 43, and 
45) . 
The last category is composed of defoliation proc-
esses that are applied after digging . 11 Sweatingu is a term 
applied to a procedure in which the plant material is stacked 
in piles or ricks and continually watered down. As the 
foliage decomposes, heat is generated 1n the rick resulting 
in leaf abscission. Ethylene gas is also used to induce 
leaf abscission. For this process plants are stored 1n an 
air tight room at 70° F. for a period of approximately 4 
days (8 , 35, 36, 43, and 4;) . However , exposure of plant 
materials for th:t.s extended period of time at high tempera-
tures is not conducive to the best storage performance (1*-3) . 
In addition, Curtis and Rodney (12) pointed out that a con-
centration of 1 p. p. m. of ethylene gas in the storage room 
atmosphere for a period of two months can result in serious 
damage to dormant plants suoh as pear and apple . 
Once field defoliation has been effected, prompt 
digging is necessary . If unseasonably warm, wet weather 
prevails after artificial defoliation, many plant species 
will break bud and begin to grow within a period of from 
7 to 10 days (43) . 
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Field Removal 
The time of digging is extremely important as it 
pertains to the relative maturity and subsequent storage 
performance of tall dug nursery stock (52). Mahlstede (28) 
found that rose plants which had been prematurely dug and 
not subjected to the normal maturing processes did not per. 
torm satisfactorily in the field following storage. The 
author also noted that as digging was delayed in the fall, 
field survival of spring planted stock increased. These 
results would indicate (7, 14, 28, and 52) that nursery 
stock should be dug late enough in the season to undergo 
the normal physiological changes which bring about maturity. 
Pinney (42) pointed out that stock should be trans-
ported to the storage area as quickly as possible after 
digging. He observed that large quantities of grade 1 
nursery stock are ruined each tall by undue exposure in the 
field following digging . Young (62) found that freezing 
injury to the roots at the time of digging, or during 
transit is the primary cause of root deterioration in 
storage. In addition, Carrier and Snyder (7) has shown 
that the roots or hardy plant material are more susceptible 
to freezing injury than are the canes or shoots of these 
plants. Some of the common nursery practices which, 1£ 
carried out at temperatures of 32° F. or below may result 
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in injury to nursery stock include: lifting of stock and 
direct exposure to .freezing temperatures, allowing undercut 
stock to remain in loosened ground, and the practice of 
transporting stoek from the field to the storage without 
adequate protection. 
Processing and Storage of Fall Dug Nursery Stock 
Prompt handling or field dug nursery stock in the 
storage is necessary if a successful storage performance 
is to result . Upon arrival at the storage area, plant 
material can be processed immediately, or it can be placed 
in storage in temporary ricks and processed at a later 
date when more time is available . However, both methods 
require rapid handling in order to prevent desiccation of 
the stock before it is placed in permanent storage (14 and 
1+2) . 
The procedure used to rick or stack plant materials , 
as well as the environmental conditions maintained in the 
storage structure are factors which also influence perfor-
mance of the plants following the storage period. For 
optimum results, plants should be placed in properly designed 
storage ricks and be adequately root packed with a moist 
medium. In addition, the storage should be maintained at 
temperatures between 28 - 3>+° F. and a relative humidity 
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ranging between 95 - 98 per cent . Although, storage tempera-
tures approaching freezing temperatures and careful pruning 
to remove injured and diseased plant parts reduce the 
incidence or disease in storage, occassional applications 
of fungicides are necessary. 
Nursery stock should be stored in ricks that are 
designed to permit the circulation of air beneath the units, 
as well as between the ricks and adjacent walls of the 
storage (4 and 13) . This air circulation reduces the ehanee 
for the formation of cold pockets and conseq,uent freeze 
damage to the stored plants (41) . 
Stacking plants close to the ceiling or placing 
them too compactly in the storage ricks should be avoided 
in order to hold mechanical damage to a minimum (4) . There 
are many methods of stacking plant materials 1n storage 
ricks (14, 4-0, and 42), but normally the plants are placed 
toward the interior of double tiered ricks . This facilitates 
packing and watering or the plants in adjacent tiers . 
The value derived from the use of packing material 
in nursery storages is controversial . There is some question 
concerning the advisability for using a root packing medium. 
However, if a packing medium is used, the type and proper 
moisture content of the material must be tested prior to 
llt-
large scale use . 
Cooper (11) and Bradley (1+) advised against the use 
of packing material of any kind 1n connection with the 
storage of typical plant materials held in this manner. 
Both authors stated, however,. that the "correct" temperature 
and humidity had to be precisely maintained , an operation 
not easily accomplished in most nursery storages . 
Laurie and Chadwick (21) have described the best 
packing material as one which maintains moisture without 
heating . Thus, based on this criterion sphagnum moss , peat 
moss , and shingle tow are suitable, while excelsior, straw, 
and shavings or sawdust from resinous wood are not desirable 
for this purpose. In other experiments, Deffenbaeher (13) 
demonstrated that plants pa.eked 1n sphagnum moss regularly 
retained a higher per cent of moisture in both the roots 
and tops th.an did those paeked in shingle tow. Considering 
these factors, and the higher cost of peat moss, sphagnum 
moss would be the best packing material for use in nursery 
storages . 
Yerkes and Gardner (61) and Wright et al . (60) 
reported that optimum results were obtained from the use 
of packing material containing 36 - 40 per cent moisture . 
The packing material should be worked in around the roots 
of the stored plants in order to prevent them from drying 
out (19) . 
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Storage temperatures 
There is general agreement among researchers that a 
temperature range of 28° • 31+° F. is most sa.tisfaetory tor 
storing nursery stock. At temperatures below 28° F. crys-
tallization of cell sap occurs, while temperatures above 
31+° F. favors the development of fungi . The optimum tem-
pe~ature for storage therefore falls within a well defined 
range (2 and 41) . 
Opinions vary widely 1n regard to the exact storage 
temperature to be maintained within the recommended range . 
Cooper (10 and 11), Ka.ins and McQuesten (18), and (9) indi-
cated that 28° - 30° F. is most satisfactory. A range or 
30° - 32° F. is maintained to be optimum by Laurie and Chad-
wick (21), Yerkes and Gardner {61), and Wright et al . (60) . 
Bradley (4), BUsh (6), and Janne and Chadwick (17) obtained 
0 0 
satisfactory results using 32 - 31+ F. However, Flint and 
MoGuire (15) and Detfenbacher and Wright (13) suggested 
that 3l+0 - 36° F. is the safest temperature to recommend, 
considering the inexact temperature control usually existing 
in most commercial storages . 
The specific temperature selected within this range 
is not the major factor governing successful storage, but 
rather its maintenance at a constant level. Fluctuation 
of temperature for prolonged periods causes desiccation of 
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the stored plant material, especially if the upper limit 
is too high (ll) . 
Re;l;a,t1ve humidt:tx 
A relative humidity of 90 per cent or greater should 
be maintained in the storage atmosphere in order to avoid 
dehydration of the stored plant material (3, 4, 13, 29, and 
44). However, Laurie and Chadwick (21) reported satisfac-
tory results at 85 per cent humidity. 
In many commercial storages hum1dif icat1on systems 
are necessary to maintain the required humidity. These 
systems must completely atomize the water particle since 
failure to meet this requirement will result in the collec-
tion of moisture on the stored plant material, ultimately 
causing severe losses (29). 
Control ~ sap.r212h.Ytic organisms 
Fungi such as Pen1c1llium, BQtrytis, and Rhizopus 
frequently occur as saprophytes under the moist conditions 
maintained in storage structures. These molds most fre-
quently become established on cellulose material such as 
the wooden storage walls and ricks, packing mate~ial, string 
used to secure the bundles, dead leaves on the floor of the 
storage, and the canes and roots of the stored plants 
(21+). 
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Poor management favors the growth of fungi in 
storages. In addition to the factors previously listed as 
favorable to fungus infection on stored plants, can be 
included: the storage of immature plants (61), storage of 
plants with mechanical damage (57), or freeze injury (7), 
covering the tops of stored plants with moist packing 
material (13), and allowing premature bud break of stored 
plant material (32 and 33) . 
The most practical method for controlling storage 
saprophytes is the maintenance of storage temperatures below 
34° F. However, certain organisms such as Botrrt1s cinerea, 
(grey mold), will grow at relatively lower temperatures , 
thus necessitating additional control measures. 
Uota et al . (57) and Stessel (47) reported that 
dipping plants in a solution of Captan at the time of 
bundling, immediately prior to their placement 1n storage, 
gave good control of grey mold. Neilson (37, 38, and 39) 
pointed out that plants dipped in wax showed less mold 
damage, and that this could probably be attributed. to the 
exclusion of air and the inactivation of inocuJ.um by the 
high temperature of the wax. Marth (32, and 33) stated 
that growth regulating substances may have an inhibitory 
action on mold growth, either through mild fungicidal action 
or by reducing the number of etiolated shoots, which are 
particulal"ly susceptible to mold infection. 
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Control Bf. premature bud break in stor1ge 
Many plants have a short rest period and therefore 
tend to sprout during the latter part of their storage 
period (50) . This new growth is undesirable because it 
utilizes stored food reserves, and since the growth forced 
in storage is etiolated and succulent it is either attacked 
by molds in the storage or dies after transplanting (51) . 
Premature bud break in storage is prevented by con-
trolling the temperature and humidity of the storage environ-
ment, or by applying growth regulating substan<~es to the 
plant material . Marth (33) and (50) showed that spraying 
the tops of dormant rose plants with naphthaleneaoetic acid 
inhibited bud break in storage for 40 - 60 days . 
Toy and Mahlstede (51) demonstrated, that a tempera-
ture of 80° F. and a concentration of l+-0 per cent carbon 
dioxide in an air- tight pack.age inhibited root and shoot 
growth for a period of two weeks . 
flant Rerformance after storage 
Plant materials, overwintered in nursery storages 
maintained at temperatures of 32° F. or below, should be 
carefully handled upon removal . The plants should be 
thawed at a temperature of 33° - 36° F. for a period of 
4 - 6 days to prevent eell damage and consequent loss of 
plants (17 and l+l+). 
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The growth response of winter stored nursery stock 
upon removal from storage compared to tall planted or spring 
dug plants is open to controversy. Marshall (31), Ruth (46), 
and Oatman (4o) indicated that nursery stock stored through 
the winter resulted in growth comparable to that produced 
by freshly dug stock. Cooper (11) stated that properly 
stored nursery stock will produce more growth than spring 
dug plants . In addition, Mahlstede (28) has shown that 
stored plant material will give a higher per cent survival 
upon spring planting than will similar plants which had been 
fall planted. However, Stoeckeler (48), and Weinard and 
Decker ('9) maintain that prolonged cold storage reduces 
the growth and vigor of plants after planting . 
20 
MATURITY EXPERIMENT 
Purpose of the Study 
This experiment was designed to determine if rose 
plants are dormant and fully mature at the beginning of the 
digging season 1n northern California. In addition , data 
selected from this experiment was used to compare the growth 
rate and moisture content of actively growing and dormant 
rose plants . 
Materials and Methods 
Ten rose plants of the varieties Chrysler Imperial 
and Lowell Thomas were dug in northern California on October 
15, 1961 while the plants were in active growth. Immediately 
following digging , all of the foliage was removed from each 
plant , the canes sprayed with an antidesiccant and the 
plants individually root wrapped in polyethylene . They were 
then shipped directly by parcel post to the laboratory in 
Ames , Iowa. For the purpose of this experiment these plants 
were considered to be freshly dug plant material . Two 
months later , on December 15, ten plants of the two varieties, 
i . e . Chrysler Imperial and Lowell Thomas , were dug , and 
handled in a similar manner to those in the earlier group . 
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Active growth or the roses had ceased by this date , which 
approximated the beginning of the fall digging season. 
Upon arrival at the laboratory, three , two inch 
sections of eane were removed from each plant six inches 
above the crown and two, two inch sections of root were 
removed six inches below the crown. Each individual section 
was immediately weighed and placed in a 100° c. oven for a 
period or 20 hours . The moisture content was then calcu-
lated following standard procedures . 
A small section of cane immediately above the two 
inch section used for the moisture determination was used 
for the plant maturity evaluation . This latter evaluation 
made use of the starch test which has been described by 
E. w. Lyle (25) . It requires that the rose canes tested 
contain brown thorns {not green) in order to obtain satis-
factory results . A 10 micron thick cross- section of each 
cane was placed in an iodine solution, and after five 
minutes the starch concentration of each cane was determined. 
The rating system utilized in this technique is based on 
the location of the starch in the canes , (Figures 1 , 2 , 
3, and >+) which is rated by a numerical system from 0 
through >+ . A cane without starch would receive a zero 
rating . A cane with a rating of 1 would have a light con-
centration of starch in the medullary ray cells . The value 
of 2 would be given to a cane with a heavy accumulation of 
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Figure 1. Upper left, cross-see~ion ot a stem or R-osa 
h1br1g'l stained with iodine showing a matu1•i ty 
evaluation rating or l 
Note light starch concent.ration in the medullary 
rays 
Figure 2. Upper right 1 cross-section of a stem of ~ bzbridt stal.ned with iodine showing a matu:r!ty 
evaluation ~ating ot a 
Note heavy sta,rch eoneentration in the medullary 
ra7s 
Figure 3. Lower left, cross-section or a stem ot Rosi 
'brida stained with iodine showing a maturity 
eva uation rating of 3 
Figure l+. 
Note heavy starch concentration in the medullary 
rays and the light concentration in the xylem 
Lower right cross-section of a stem of Rost 
blbrida staked with iodine showing a m.atur .ty 
evaluation rating ot ~ 
Note heavy starch concentration 1n the medullary 
rays and xylem and light concentration 1n the 
pith cells 
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star ch in the medullary rays . Three would be given to a 
cane having a heavy starch coneentration in the medullary 
rays as well as some accumulation between the medullary 
rays, particularly in the xylem, near the pith. A rating 
of l+ would be a cane with a heavy accumulation of starch 
in all tissue from the pith to the cambium layer . A rating 
of 2 or higher, is an indication that the plants are of 
sufficient maturity to be dug and successfully handled. 
Immediately after pruning, the plants were potted 
in six inch clover set pots containing a mixture of peat , 
perlite, and soil . The canes of each plant were covered 
with a polyethylene bag to provide a uniform, high humidity 
environment favorable for inducing bud break. The total 
stem growth was recorded at 2, l+, and 6 week intervals after 
the date of potting . 
Experimental Design 
Statistical treatment of the data was by analysis 
of variance. The experiment was of a completely randomized 
design. The data recorded for the moisture content of the 
stein , the moisture content of the roots, and the total stem 
growth of each replication taken at two week intervals was 
analyzed. The model used for the five analysis of variance 
calculated in this experiment were basically the same . An 
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example of this analysis is presented in Table 1 . 
Table 1 . Analysis of variance tor stem moisture content 
Source of Degrees Sum of 
variation of squares 
freedom 
Total 119 367. 1+2 
Variety l 38. 90 
Treatment 1 68. 59 
Treatment and 
variety l l . 51+ 
Error 116 758.39 
* Significance at .05 level. 
** Significance at . 01 level. 
Results 
Matur1t1 evaluation 
Mean F 
square value 
........ _ 
-------
38. 90 5. 95* 
68. 59 io.1+9** 
1. 51+ . 08 
6. 54 
-----
In the past , the optimum time to dig roses has been 
determined by the field foreman on the basis of cane color, 
defoliation, growth, maturity of thorns, and experience. 
In this study, the relative maturity of rose plants 
was determined by the use of a starch test . The starch 
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determination was calculated on actively growing rose plants 
dug on October 15, 1961 and on rose plants dug on December 
15, 1961 . The latter date is the average starting date 
of the fall digging season in northern California. 
The average starch rating compiled for the actively 
growing rose canes was 1 . 67 for the variety Lowell Thomas 
and 1. 93 for Chrysler Imperial . Plants of the variety 
Lowell Thomas dug on the first day of the fall digging sea-
son had an average starch rating of 2. 13 compared to 3. 18 
for canes of the variety Chrysler Imperial . On the basis 
of the starch determination system used in this experiment, 
plants dug on or after December l;, were at a stage of DB.turi-
ty which would result in successful storage provided optimum 
handling conditions were maintained. Plants dug on or 
before October 15, were not considered to be mature . 
Moisture content evaluation 
In this study, the moisture content of the canes and 
roots of the two treatments, 1. e . actively growing roses 
and dormant roses, were compared. 
The average moisture content of the canes from both 
varieties of actively growing roses was 59 .45 per cent while 
that of the mature roses was 57.94 per cent . This was a 
significant statistical difference in the moisture content 
of the plants at these two stages of maturity. The average 
2? 
moisture content of the Lowell Thomas canes was 59. 26 per 
cent while those of Chrysler Imperials averaged 58. 12 per 
cent . This difference was significant at the .05 per cent 
level . 
The actively growing plants of the two varieties had 
an average root moisture content of 53. 5' per cent, while the 
mature plant averaged 5'1+. 85 per cent moisture . In comparing 
the roots of the two varieties, Lowell Thomas had 54.42 per 
cent moisture and Chrysler Imperial contained 53.94 per 
cent moisture. 
Stem grow;th comparisons 
In this phase of the experiment, the total stem 
growth 'Was recorded at intervals of two weeks following 
potting. A comparison of the total stem growth for the 
two treatments was determined on each of the three recording 
dates . 
Two weeks after potting, the average stem growth for 
the mature dug plants was 26. 3 inches per plant compared to 
an average of 11. 2 inches for plants which had been dug 
while still actively growing . 
The analysis of variance for the total stem growth 
two weeks after potting showed that there was no significant 
difference between varieties. The variety Lowell Thomas 
averaged slightly more total stem growth, however than did 
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plants of the variety Chrysler Imperial . 
Four weeks after the plants were potted, there was 
an average of 53. 5 inches of stem growth produced by the 
mature dug plants and 28 . 5 inches of stem growth produced 
on the roses dug while actively growing . Although the plants 
of the variety Lowell Thomas had produced more stem growth 
at the end of the ~th week, this total was not statistically 
different from that produced by the variety Chrysler Imperial. 
The total stem growth data recorded six weeks ~£ter 
the plants were potted, showed that the roses dug in active 
growth had produced an average of 40. 0 inches of stem growth 
per plant, while the dormant dug roses averaged 59.7 inches 
of stem growth. 
The varietal growth response at the end of six weeks 
in the greenhouse was reversed from that recorded at the two 
and four week intervals . Plants of the variety Chrysler 
Imperial had produced more total stem growth than did the 
Lowell Thomas plants . 
Discussion 
A decrease in the moisture content of the canes of 
plants which were dug after reaching maturity as compared to 
plants which were dug while still in active growth was in 
agreement with the results reported by Levitt (22) for 
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similar plant materials . 
The increase in the moisture content of roots of 
mature plants as compared to those from actively growing 
plants was contrary to previously reported data (22) . In 
this experiment, however, heavy rainfall immediately prior 
to digging was thought to be responsible for the higher 
moisture content of the mature plants . 
The total stem growth recorded at two week intervals 
following potting, showed that plants dug while still in 
active growth produced less stem growth than did plants dug 
after they had reached maturity. This would indicate that 
these two varieties will continue growth without a dormant 
period even in the event of complete defoliation. However , 
for optimum plant performance, ~ normal check in growth 
brought about by cooler temperatures and/or dry weather 
is indicated. 
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DRYING EXPERIMENT 
Purpose of the Study 
The purpose ot this experiment was to determine the 
change 1n the moisture content of canes of rose plants ~n 
exposure to room temperature . .'Ul additional purpose of this 
study, was to compare the moisture content 1n the top one-
third, middle one-third, and bottom one-third of' rose canes 
to the total stem growth resulting trom these corresponding 
areas. 
Materials and Methods 
Thirty rose plants from each of the two varieties, 
Chrysler Imperial and Lowell Thomas, were selected for this 
experiment . Three, two inch sections of cane were removed 
six inches above the crown ot each plant, and two, two inch 
sections of root were removed six inches below the crown. 
The moisture content of each individual section was then 
determined by standard procedures. Each plant was pruned 
to a uniform number of three canes and individually root 
wrapped with sphagnum moss which contained 56 per cent 
moisture . The thirty plants or each variety were then 
divided into six treatments with five replications each, 
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and placed in a laboratory for drying . The mean temperature 
of the laboratory was 70° F. and an average relative humidity 
of 59 per cent was recorded over the thirty six day period. 
One treatment of each variety was removed from the labora-
tory every six days . Upon removal from the laboratory, a 
single cane was removed from each plant and the moisture 
content of the top one-third, middle one- third, and bottom 
one- third of the cane was calculated. In addition, the 
moisture content of two , two inch root sections from each 
plant were determined. The five plants of the two varieties 
were then potted, ;;ind the total stem growth on the top one-
third , middle one- third , and bottom one- third of each plant 
cane was recorded on the 14th, 28th, and 42nd day after 
potting . 
Experimental Design 
This experiment was of a completely randomized 
design. The moisture content data recorded for the canes 
and roots was statistically analyzed by an analysis of 
variance. The stem growth data which was recorded at two 
week intervals 1. e. 2 weeks , 4 weeks, and 6 weeks, was 
analyzed by the same method. 
A correlation value was calculated for each repli-
cation in order to determine if there was a positive 
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correlation between the moisture content of the three cane 
segments , and the total stem growth resulting from these 
corresponding areas . A model ot the analysis of variance 
used in this experiment is illustrated by Table 2. 
Table 2. Analysis of variance for stem moisture content 
Source of Degrees Sum of Mean F 
variation of squares square value 
freedom 
Total 179 25, 51+9. 31 __ _ .. _ .. 
--------
Treatment 5 2 , 299. 30 459 . 9 12. 70** 
Variety 1 25. 48 25. 5 . 70 
Position 2 9 ,45'7 . 48 l+ ,728 . 7 130. 63** 
Treatment and 
18. 81** variety 3,>+44 . 30 680. 9 
Treatment and •• position 10 i ,709. 91 170.9 4.72 
Variety and 
93. 34 46. 7 position 2 1 . 29 
Treatment and 
variety and 
3,315. 54 9. 16** position 10 331 .6 
Error 144 ;,203 . 96 36 . 2 
--------
• Significance at • 05 level . 
** S1gn11"ieance at . 01 level . 
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Results 
Moisture content 2!: canes 
After completing the specified drying period for 
each treatment , the moisture content from three positions 
of a single cane from each plant was determined (Table 3) . 
This data was analyzed by an analysis of variance. 
Table 3. Moisture content of Chrysler Imperial rose canes 
by position 
Cane Treatments Position 
positions mean 
1 2 3 4 5 6 
Top 1/3 28. 3 29. 8 19.7 13. 1 17 . 0 22 . 5 21. 7 
Middle 1/3 30. 9 36. 5 27. 5 15. 6 23 . 3 31.7 27. 6 
Bottom 1/3 37 .9 42. 0 43 .1 41. 5 37. 9 42. 2 l+0. 8 
Treatment 
means 32. l+ 36. l 30. 1 23. l+ 26. 1 32. 2 
The average moisture content for both varieties, 
i . e . Chrysler Imperial and Lowell 'i'homas, for the six 
treatments was 22 . 14 per cent in the top one-third of the 
canes, 27. 33 per cent in the middle one-third, and 39.41+ 
per cent for the bottom one- third. There was a significant 
moisture loss from the top one-third of the canes as compared 
to the middle one·third. The middle one-third of the canes 
had significantly less moisture than did the basal segment. 
In the varietal comparisons for the complete experi-
ment, Chrysler Imperial contained an average of 21 . 74 per 
cent moisture in the top one-third, 27.58 per cent in the 
middle one-third, and 4-0 . 76 per cent moisture in the bottom 
one-third of the canes (Table 3) . The top one-third of the 
Lowell Thomas canes averaged 22. 51+ per cent moisture while 
the middle one-third contained 27.07 per cent, and the 
bottom one-third of the canes contained 38. 12 per cent 
(Table 4) . The difference in moisture content between 
corresponding stem positions for the two varities was not 
statistically significant . 
Table 4. Moisture content of Lowell Thomas rose canes by 
position 
Cane Treatments Position 
positions 
l 2 3 4 5 6 mean 
Top 1/3 34. 1 26.1 24. 1 14. 3 20 . 1 15. ? 22 . 5 
Middle 1/3 36 .7 30. 4 32. 3 23 . 4 22. 1 17. 5 27. 1 
Bottom 1/3 41 . lt 35.4 36. l 44. 2 36. 8 34. 9 38. l 
Treatment 
means 37. t+ 30. 6 30. 1 27. 3 26. 3 22. 7 ----
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The analysis of variance determined for the treat-
ments showed a significant downward trend in the average 
moisture content of the canes for the first twenty four days 
' 
of drying, i . e. the first four treatments. After this date 
however, a slight increase was recorded (Table ;) . 
Table 5. Moisture content ot rose canes by treatments 
Tl'eatment Drying Per cent 
period moisture 
days 
1 6 34. 8 
2 12 33 . >+ 
3 18 30. 5 
4 21+ 25. 3 
5 30 2:6. 3 
6 36 2? .4 
Treatment mean 29. 6 
The treatments and varieties, varieties and positions, 
and the treatments and varieties and positions interactions 
were all significant at the . 01 level. 
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Moisture content of roots 
The moisture content of the roots was determined for 
each treatment , immediately after the plants were removed 
from the laboratory (Table 6) . The difference in the mois-
ture content of the roots between the six treatments was not 
significant . The overall average moisture content in the 
roots of all plants in the experiment was 49 . 92 per cent . 
There was no significant difference in this experiment 
between the average moisture content of the roots of the 
variety Lowell Thomas which was 49. 35 per cent and the roots 
of Chrysler Imperial which contained 50.49 per cent moisture 
(Table 6) . 
Table 6. Moisture content o:f' Chrysler Imperial and Lowell 
Thomas roots 
Treat- Drying Chrysler Lowell Variety 
ment period Imperial Thomas mean 
days 
1 6 1+8 .8 49. 2 49 .0 
2 12 51 .1 50.0 50. 6 
3 18 1+9 . 6 52. 6 51 . l 
4 24 1+8 . 8 52 . 2 50. 5 
5 30 49 . 8 50.3 50.1 
6 36 48. 1 48. 5 48 . 3 
Treatment mean 50. 5 1+9.4 
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Stetm growth comparisons 
The total stem growth produced by plants of the 
varieties Chrysler Imperial and Lowell Thomas were recorded 
for each of the six treatments, 1. e . six day drying periods. 
The stem growth data was recorded on the 2nd, 4th, and 6th 
week after the plants were potted. An analysis of varianoe , 
calculated for each of the three recording dates showed no 
significant difference in the total stem growth between any 
of the six treatments. In comparing the two varieties , there 
was no practical difference in the total stem growth between 
the Chrysler Imperial and Lowell Thomas on any of the three 
recording dates . 
The total stem growth on the top one- third, middle 
one- third, and bottom one-third of the canes of each plant 
was also recorded on the 2nd, 4th, and 6th week after the 
plants were potted (Table 7 and 8) . A separate analysis of 
variance was calculated for data collected on each of the 
three recording dates. The average stem growth for all the 
plants in the experiment , was calculated from the data 
recorded two weeks after the plants were potted. This value 
averaged 1 . 21 inches of growth tor the top one- third of the 
canes , 2. 2 inches for the middle one- third, and ; .6 inches 
of stem growth for the bottom one- third of the canes. 
There was a significant difference in the amount of stem 
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growth produced tor each of the three cane positions. 
Similar results were obtained when the data recorded on the 
4th and 6th week following potting was analyzed statisti-
cally. 
Table 7. Average stem growth for Chrysler Imperial roses 
by position 
Days after Position or rose cane Position 
potting mean 
Top Middle Bottom 
1/3 1/3 1/3 
11+ 1. 3 2. 6 5.7 3. 2 
28 5. 5 11. 9 26 . "! 14.7 
1+2 6.8 11. 0 32. 5' 16. 8 
Table 8. Average stem growth for Lowell Thomas roses 
by position 
Days after Position of rose cane Position 
potting mean 
Top Middle Bottom 
1/3 1/3 1/3 
14 1. 0 1. 8 ; .4 2.7 
28 3. 3 6. 8 30.3 13. 5 
42 2.7 7.4 35. 8 15. 3 
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The analysis of variance for total stem growth by 
cane position (Figures 5 and 7) and moisture content (Figures 
6 and 8) indicated that these two factors were correlated. 
For this determination, a cdrrelation coefficient was cal-
culated for each plant to compare the correlation or the 
total moisture content in the canes by position to the total 
stem growth produced from each of these areas of the cane 
(Figure 9) . The stem growth data used in calculating the 
correlation coefficient was recorded two weeks after the 
plants were potted. The average correlation value for the 
variety Chrysler Imperial was . 6015 and . 6454 for the 
variety Lowell Thomas . 
Discus a ion 
The reduction in the moisture content of the canes 
of the rose plants in this e~periment was due to desiccation. 
When rose plants were allowed to remain i n a warm, dry 
atmosphere, even if sufficient moist packing material was 
placed around the roots, moisture evaporated from the 
distil ends of the canes. This reduced the moisture content 
of the upper section of the ~anes . 
There was no s1gnif icant d1ff erence 1n the average 
moisture content between cortesponding cane positions for 
the two varieties used in this experiment . However, the 
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Figure 5. 
Figure 6. 
Total stem growth by position on the canes ot 
Chrysler Imperial rose plants 
Average moisture content in the top 1/3, middle 
1/3, and bottom 1/3 of Chrysler Imperial rose 
canes after· drying 
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Figure 7. Positional stem growth on the canes of Lowell 
Thomas rose plants 
Figure 8. Average moisture content in the top 1/3, middle 
1/3, and bottom 1/3 of Lowell Thomas ro ·e canes 
after drying 
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Figure 9. Correlation values of total stem growth to moisture content or 
canes of Chrysler Imperial and Loviell Thomas plants 
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moisture content of the Lowell Thomas was higher than that 
of the Chrysler Imperial at the beginning of the drying 
period and lower at the end of the drying period. The more 
rapid drying rate of the Lowell Thomas explains the treat-
ment and variety interactions obtained in this experiment . 
The more rapid drying rate of the L.owell Thomas was attri-
buted to the anatomical structure of the stem. Lowell 
Thomas has a larger pith area than Chrysler Imperial . This 
type of tissue characteristically is of higher moisture con-
tent than woody tissues and consequently more subject to 
rapid desiccation. 
The rapid moisture loss by plants in each of the 
first four treatments was expected, sinee the plants were 
exposed in a warm, low humidity, atmosphere . However, the 
slight increase in moisture content for both varieties in 
the latter two treatments was unexpected and difficult to 
explain on the basis of the earlier trends. 
The significant dif'f erence in moisture content 
obtained for the treatment and position interaction was 
attributed to the fact that the roots of each plant were 
packed with moist sphagnum moss and wrapped in polyethylene. 
This maintained the moisture content of the bottom one- third 
of the canes at a constant level throughout the experiment, 
while the upper sections of the canes dryad out . The moist 
sphagnum moss that each plant was packed in also prevented 
desiccation of the roots . Therefore, the moisture content 
of the roots or both varieties maintained a constant level 
throughout the thirty six day drying period . 
Data for the total stem growth on all the plants in 
this experiment was collected on the 2nd, 4th, and 6th week 
after potting . An analysis or variance calculated for each 
date showed no significant difference between treatments . 
However, the number of buds that broke and grew on each 
plant, in general, decreased with increased exposure . 
The majority of the buds in the later treatments developed 
from the basal portions of the canes . This was attributed 
to the differential drying of the various segments of the 
canes (Figu1·e 10) . The plants in this experiment apparently 
had a similar amount of stored carbohydrates and other 
products essential for growth. Plants which had been 
exposed to room temperatures for six days produced shoots 
throughout .the entire length of the cane (Figure 11} , while 
plants which had been exposed thirty six days had fewer 
shoots of greater length located only at the base of the 
canes . However, the total growth for each treatment was 
approximately the same . If a plant had dried sufficiently 
to reach the critical point, no growth would have developed 
at the end ot two weeks . This delayed bud break therefore 
was attributed to desiccation (Figure 13). 
There was no difference between the varieties in 
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Figure lO. Bud break and basal growth resulting from expo-
sure to a low humidity, high temperature environ-
ment 
Figure 11 . A Chry ler Imperial rose plant showing normal 
bud break and growth 
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regard to total stem growth. Plants of the varieties 
Chrysler Imperial and Lowell Thomas are similar in rapidity 
of bud break, rate of growth and amo'Wlt of total stem growth. 
The total stem growth produeed by each cane was 
recorded for each of three positions on the 2nd, l+th, and 
6th week after the plants were potted. An analysis of 
variance was calculated for each of the three recording 
dates ~ The amount of stem growth was statistically signifi-
cant at the .Ol level between the top one- third and middle 
one- third and between the middle one- third and bottom one-
third of' the canes. 
Since there was considerable variation between 
plants for both the speed of cane desiccation and the degree 
of drying before stem growth was affected (Figure 12), no 
correlation value for this factor existed between plants 
but only within the plants . 
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Figure 12 . 
Figure 13. 
Variation in the rate of bud break between rose 
plants after a 2~ day drying period 
Delayed bed break resulting from cane desicoa-
tion 
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DRY I . 
SHIPPING EXPERIMENT 
Purpose of Study 
This experiment was designed to determine if the 
moisture content of rose plants changed during transit in 
box oars from California to Iowa. An additional purpose of 
this study was to determine it the total amount ot stem 
growth from a given plant was effected by the moisture con-
tent of its canes . 
Materials and Methods 
Ten rose plants of the varieties Chrysler Imperial 
and Lowell Thomas were dug in northern California on Decem-
ber 15, 1961, after the plants were fully mature and hardened-
orr. Upon digging, each plant was stripped or its foliage, 
sprayed with an antidesiccant, individually root-wrapped in 
polyethylene, and shipped directly by parcel post to Ames, 
Iowa. For this experiment , the plants were considered as 
freshly dug plant material . 
On the same day, December 15, the fall digging sea-
son began, and plants of' the varieties Chrysler Imperial and 
Lowell Thomas were dug , processed, and loaded on box cars by 
the usual commercial procedures . Upon arrival in Shenandoah, 
Iowa, ten plants of each of the two varieties were removed 
from a box car and taken directly to the laboratory. 
Three, two inch cane sections were then removed 
from each plant six inches above the crown and two, two ineh 
root sections were removed six inches below the crown. The 
weight of each individual section was determined and the 
section was placed in a ioo0 c. oven for a period or 20 
hours . The moisture content was then calculated following 
standard procedures. 
After pruning, the plants were potted 1n six inch 
clover set pots containing a peat , perlite , and soil mix. 
Each plant was covered with a polyethylene bag to provide 
a uniform high humidity favorable for inducing bud break. 
The total stem growth was recorded in inches on the 2nd, 
4th, and 6th week after the date of potting . 
Experimental Design 
This experiment was arranged in a completely random-
ized design. Statistical treatment of the data was by analy-
sis of variance , and was compiled for both the stem and root 
moisture content determinations . The total stem growth for 
each replication at two, four, and six weeks after potting 
was also analyzed in a similar manner . The model for 
the analysis of variance used 1n this experiment is shown 
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in Table 9. 
Table 9. Analysis of variance for stem moisture content 
Source of Degrees Sum of 
variation ot squares 
treedom 
Total 71 l+J5. l+ 
Treatment 1 28. 5 
Variety 1 6. 9 
Treatment and 
variety 1 7.8 
Error 68 392. 2 
*significance at .05 level. 
** Significance at . 01 level. 
Results 
Moisture content .2l canes 
Mean F 
square value 
__ .... 
........ 
28. 5 4. 91* 
6. 9 1 .19 
7.8 1. 35 
5.8 
In this experiment, the moisture content or rose 
plants which were packed and shipped directly by parcel post 
were compared to plants which were shipped via box car fol-
lowing the normal commercial procedures. 
The average moisture content in the canes of roses 
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shipped by parcel post was 57. 91+ per cent while the plants 
shipped by box car contained an average of 56. 25 per cent 
moisture . The plants of the variety Lowell Thomas which 
were not shipped by box car contained an average cane mois-
ture content of 58. 39 per cent while those of Chrysler 
Imperial contained 57.48 per cent . There was no statistical 
difference between the moisture content of the canes of these 
two varieties . 
~oisture content 2! ro9ts 
In comparing the average moisture content of the 
roots, there was significantly less moisture in the plants 
shipped by box car than there was in those shipped by parcel 
post . There was no significant difference between the mois-
ture content of the roots of the two varieties. 
Stem growth comparisons 
The total stem growth for each plant was recorded on 
the 2nd, 4th, and 6th week after the plants were potted. An 
analysis of variance was calculated for each of the three 
recording dates. There was no significant difference in the 
amount of total stem growth, between plants which were 
shipped by parcel post and those which were shipped by box 
car, for any of the three dates analyzed. 
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Discussion 
The decrease in the moisture content of the canes 
and roots of the rose plants which were shipped by box car 
as compared to those whleh were shipped by parcel post 
indicated that some desiccation occurs during the normal 
transit period. However, the fact that there was no statis-
tical difference in the amount of total stem growth between 
treatments suggests that this drying is or no practical 
importance 1n regard to growth performance after shipping. 
This moisture loss from the canes and roots of plants during 
box car shipment may be a result of the vapor pressure of the 
atmosphere in the box car being lower than the internal 
vapor pressure of the plant . If this is true, the moisture 
moves out of the plants and pa.eking material into the atmos-
phere of the box car until an equilibrium is reached. 
In this experiment, there was no difference between 
the two varieties in regard to moisture content of the stems, 
moisture content of the roots, or total stem growth produced. 
Therefore, under the conditions of this experiment, these 
two varieties behave similarily in regard to drying during 
shipment . The moisture content of the canes and roots of 
the variety Lowell Thomas was slightly higher than those of 
the variety Chrysler Imperial. 
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LOAD EVJ\LUATIOH EXPERIMENT 
Purpose of study 
The purpose of this experiment was to determine if 
the location of plants within the box car effected the 
moisture content of the plants during shipment . 
Material and Methods 
On January 4, 1962, a box car containing roses or 
t he variety Christopher Stone arrived in Shennandoah, Iowa. 
From this load, twenty plants were removed from the top 
layer of the car, twenty from the middle layer, and ten 
plants from the bottom layer . These plants were immediately 
taken to the laboratory for processing . 
Each plant had three , two inch sections of cane 
removed six inches above the crown and two , two inch sec-
tions of root removed six inches below the crown. Each 
individual section was immediately weighed and placed in a 
ioo0 c. oven for a period or 20 hours . The moisture content 
was then calculated following standard proc:dures. 
After pruning, the plants were potted in six inch 
clover set pots containing a mixture of peat , perlite and 
soil . The canes of each plant were covered with a poly-
;9 
ethylene bag to provide a uniform high humidity favorable 
for inducing bud break. The total stem growth for each 
plant was recorded on the 2nd, 4th, and 6th week after the 
date of potting . 
Experimental Design 
The data obtained from this completely randomized 
experiment was analyzed statistically by an analysis ot 
variance. The moisture content data for both the stems and 
roots were similarly analyzed for the plants in the three 
box car locations . In addition, an analysis of variance 
was determined tor the total stem growth data taken on each 
of the three recording dates, 1. e . two, four , and six weeks 
after potting . A model of the analysis or variance used in 
this study is illustrated (Table 10) . 
Table 10. Analysis of variance for stem moisture content 
Source of Degrees Sum of 
variation of squares 
freedom 
Total 149 1,303. 33 
Treatment 2 16. 0l 
Error 147 1,287. 32 
*Significance at . 0$ level. 
**significance at . 01 level. 
Mean 
squares 
F 
value 
. 91 
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Results 
Moisture content or caµes 
The average moisture content of the canes of roses 
in the top layer of the car was 58.84 per cent, the middle 
layer 58. 11 per cent and the canes of plants in the bottom 
layer contained 58.43 per cent moisture. There was no sig-
nificant difference in the moisture content of the canes or 
plants in any of the three locations. 
Moisture content ,2.( roots 
The average moisture content in the roots of the 
plants located in the top layer of the car was 50. 48 per 
cent, 50. 38 per cent in the middle layer and ;0. 91 per cent 
in the bottom layer of the car. The three locations analyzed 
in this experiment showed no significant dii'f erence between 
the moisture content or the roots . 
§tem growth comparisone 
The total stem growth for each plant in the three 
treatments was recorded on the 2nd, 4th, and 6th week after 
the plants were potted (Table 11) . The analysis of variance 
calculated for each recording date showed no significant 
d1.fference in total stem growth between the three locations. 
61 
Table 11. Total stem growth for Christopher Stone roses at 
two week intervals 
Days after Treatment Potting 
potting (Location on box car) mean 
Top Middle Bottom 
11+ 31. 3 36. 6 28 . 6 32. 2 
28 65. 6 70. 3 65. 6 67 . 2 
42 71. ; 72. 3 66 . l+ ?O . l 
Treatment mean 56 .1 59.7 53 . ; 
----
Discussion 
For the plants in this experiment, there was no 
di.ff erence between treatments in the moisture content ot the 
stems or r oots . After the plants were dug, they were 
promptly loaded on a refrigerated box car . The roots of the 
plants were packed in moist sphagnum moss, and the tempera-
ture inside the oar was maintained between 34° and 38° F. by 
automatically controlled refrigeration units . '.rherefore, it 
plants of the variety Christopher Stone are handled following 
these procedures, the rate of desiccation of the plants will 
be uniform regardless of location within the box car . It 
was determined in an earlier experiment in this study, that 
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plants do dry to some extent during shipment , but not enough 
to be detrimental to bud break. 
There was no significant difference in total stem 
growth between the three locations on any of the three 
recording dates . This uniformity of growth after potting 
is attributed to the fact that the rose plants were all of 
the same variety , were grown in the same area of the field, 
were uniform in size and quality, and were handled similarly 
before potting . After potting , the plants were placed in 
an optimum environment for inducing bud break and for con-
tinued growth. 
PROCESSING EXPERIMENT 
Purpose 0£ Study 
The purpose of this study was to determine if rose 
plants lose moisture during the processing operations or 
unloading, pruning, grading and bundling , and if so, to 
determine if the amount lost influenced subsequent perf or-
mance. 
Materials and Methods 
On January 27, 1962, plan.ts or the varieties 
Chrysler Imperial and Lowell Thomas were removed from a box 
car immediately on arrival from Califormia. The remaining 
plants in the oar were then processed in the usual manner . 
Upon completion of the procesi=iing sequence ana immediately 
prior to placement in storage, ten plants each or the 
varieties Chrysler Imperial and Lowell Thomas were selected 
and taken directly to the laboratory. 
The plants in this experiment were processed and 
evaluated following the same procedure described in the 
previous experiment . 
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Experimental Design 
The statistical analysis of the data from this 
completely randomized experiment was performed using an 
analysis of variance. Separate analysis of variance were 
calculated on the moisture content data for both the stems 
and roots . In addition, an analysis or variance was com• 
piled for the total stem growth data taken on each ot the 
three recording dates . An example of the model used in the 
five analysis is reproduced 1n Table 12. 
Table 12. Analysis of variance for stem moisture content 
Source of Degree Sum ot Mean F 
variation of squares square value 
treedom 
Total 119 l,6oo.4o 
------- ·---
Variety 1 2. 21 2. 21 o. 2lt 
Treatment l 227 . 67 227 . 67 25. 0l ** 
Treatment and 
34. 66** variety 1 315. 41 315. 41 
Error 116 i,055. 11 9 . 10 .... .... 
* Significant at • 05 level. 
••significant at . 01 level. 
6; 
Results 
Moisture content .Qf canes 
The average moisture content in the canes of the two 
varieties, was 57 . $6 per cent tor plants which had not passed 
through the grading operation and 54. 81 per cent for a simi-
lar group of plants which were graded. The analysis or 
variance indicated that the graded rose plants lost a sig-
nificant amount of moisture during the processing operation. 
There was no appreciable difference in the average 
moisture content of the canes or the two varieties . The 
canes of the non ... graded Chrysler Imperial plants contained 
an average of $6. 08 per cent moisture and the graded plants 
of this variety averaged 56. 57 per cent . For the variety 
Lowell Thomas, the canes of the non-graded plants contained 
an average moisture content of 59.05 per cent and the graded 
plants contained 53 . 05 per eent moisture . 
Mgisture content 2l. roots 
The average moisture content in the roots of the 
Chrysler Imperial and Lowell Thomas plants which were removed 
from a box car before grading was 52. 50 per cent and the 
averag-e moisture content of a. similar group of rose plants 
after being graded was 50. 06 per cent . This moisture loss 
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from the roots of the plants during the grading operation 
was also statistically significant . 
The roots of the non-graded Chrysler Imperial plants 
contained an average moisture content of 51.82 per cent and 
the graded plants of the same variety contained 52. 21+ per 
cent. There was only a slight difference in the moisture 
content of the roots of the two handling treatments tor this 
variety. The roots ot the non-graded Lowell Thomas plants 
contained an average of 53.18 per vent moisture, while the 
graded plants roots averaged only 47.87 per cent . 
The treatment and variety interaction for the mois-
tu~e content of the roots was highly significant. 
Stem growth qomparisons 
The total stem growth for each plant in this experi-
ment was recorded on the 2nd, l+th, and 6th week after the 
plants were potted. (Table 13). The analysis of variance 
tor the first recording date revealed that the non-graded 
rose plants produced more stem growth two weeks af'ter 
potting than did the graded rose plants. There was only a 
slight difference in the total stem growth between the two 
varieties. 
There was no statistical difference in the total 
stem growth four weeks after the plants were potted, regard-
less of variety between the two treatments or between the 
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Table 13. Total stem growth tor Chrysler Imperial and 
Lowell Thomas roses 
Days after Cgr;tsler Im12erial Lowe ii Thoma§ 
potting 
Graded Non- Graded Non-
graded graded 
14 11. 5 20. 5 15. 0 14.4 
28 4o. 8 44.6 56 . l 43. 9 
1+2 45. 5 43. 6 60. 3 47.9 
Treatment mean 32. 6 36. 2 43 . 8 35. l+ 
tt"eatment and variety interaction. 
An analysis of the stem growth data recorded six 
weeks after the plants were potted showed no difference in 
the total stem growth between the two handling treatments . 
The variety Lowell Thomas produced more stem growth than did 
plants of the variety Chrysler Imperial . 
Discussion 
There was a significant difference in the moisture 
content of the canes of graded and non-graded plants of the 
variety Lowell Thomas. This was caused by the rapid desic .. 
cation of the plants during the processing sequence, i . e . 
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unloading, pruning , grading , and bundling . The moisture 
content of the graded Lowell Thomas plants averaged 53.05 
per cent and the non- graded plants averaged 59.05 per cent . 
The moisture content in the stems of the Chrysler Imperial 
plants were about equal for the two treatments , i . e . non-
graded 56 .08 per cent and graded 56 . 57 per cent . The faster 
drying rate of the Lowell Thomas plants during grading was 
attributed to the small cane diameter and large pith area 
in the canes of this variety as compared to the large diame-
ter , woody canes of the Chrysler Imperial plants . 
The analysis of variance of the root moisture data 
indicated a significant loss of moisture from the roots of 
plants while being processed as compared to ungraded plants. 
The moisture loss resulted from the removal of the packing 
material from around the roots of the plants during the 
processing sequence. 
Total stem growth produced by plants of both varie-
ties which were not graded was greater than that recorded 
for plants that had passed through the grading operation. 
Ungraded plants of the variety Chrysler Imperial 
produced more total growth at the end of two weeks than 
those which had been graded. The Lowell Thomas plants 
showed no difference in total growth between the two treat-
ments . Although the larger caned plants of Chrysler Imperial 
lost little moisture during the processing period, handling 
69 
and removal of damaged roots and stems apparently adversely 
effected the initial response of the plant after potting . 
The loss in moisture sustained by the Lowell Thomas plants 
during the grading operation resulted in a reduced bud break 
which for the most part were located toward the base of the 
eane . 
Total growth recorded after four weeks in the green-
house was the same for both varieties , regardless of the 
method or handling . At the end of the sixth week in the 
greenhouse, both processing treatments applied to the 
Chrysler Imperial plants were similar in regard to the total 
amount of growth recorded. However , graded plants of the 
variety Lowell Thomas produced more stem growth than did 
non- graded plants six weeks after potting . As noticed 
previously, the second week after potting, these same plants 
had produced less stem growth after being graded. The 
amount of moisture lost by the Lowell Thomas plants during 
grading partially explains this reversal in the growth 
trend. The drying of the canes resulted in a smaller 
number of active buds which were generally produced towards 
the base of the plant. The smaller number of buds on the 
graded plants grew much more rapidly than did the larger 
number of buds on the non-graded plants . 
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STORAGE EXPERIMENT 
Purpose of Study 
This experiment was designed to determine if rose 
plants lost a sufficient amount of moisture during the 
storage period to cause an adverse effect on subsequent 
growth. 
Materials and Methods 
on January 15, 1962, thirty plants eaoh of the 
varieties, Chrysler Imperial and Lowell Thomas, were placed 
in a storage rick located in the center or the primary 
storage facility. The plants were stacked 1n the rick and 
packed with sphagnum moss following the procedures carried 
out by most com.111ercial nurseries . 
Ten plants of each variety were then removed from 
the storage :rick at one month intervals, on February 15, 
March 15, and April 15, and taken directly to the labora .. 
tory 
The plants in this experiment were processed and 
the data recorded in the same manner as described for the 
load evaluation experiment . 
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EXperimental Design 
This study was arranged using a completely randomized 
design. The stem and root moisture contents were statisti-
cally analyzed by an analysis of variance. The total stem 
growth data was recorded at two week intervals and an analysis 
ot variance was determined for data collected on each of the 
three recording dates . A model of the analysis of variance 
used in this experiment is presented in Table 14. 
Table 14. Analysis of variance of stem moisture content 
Source of Degrees Sum of Mean F 
variation or squares square value 
treed.om 
Total 179 1 ,460. 17 - ...-.... .. ___ 
Variety 1 36. 68 36. 68 4. 97* 
Treatment 2 57 . 61 28 . 81 3. 90 
Treatment and 5. ;-a** variety 2 82. 36 41. 18 
Error 174 i,283 . 52 7. 38 
* Significance at .05 level . 
** Significance at .01 level . 
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Results 
l:1qisture content £! canes 
The moisture content of the canes of both varieties 
was determined for each of the storage treatments . The 
average moisture content in the canes of plants which had 
been in storage for one month was 57.73 per cent, those 
stored for two months was 56.42 per cent, and the plants 
stored for three months contained 56.69 per cent moisture, 
There was no appreciable difference in the moisture content 
of the canes, regardless of the length of storage. 
The average moisture content for the three treat-
ments was 57 . 39 per eent for the variety Lowell Thomas and 
56.48 per cent for the variety Chrysler Imperial. This 
difference was statistically significant. The treatment and 
variety interaction was significant for the cane moisture 
eon tent . 
Moisture conten~ .2l roots 
There was no practical d!ff erence in the moistUI'e 
content of the roots 1n this study, between treatments, or 
between varieties. However , the moisture content of the 
roots gradually increased as the length of the storage 
period was extended (Table 15). 
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Table 15. Moisture content of Lowell Thomas and Chrysler 
Imperial roots duri.ng storage 
Treatment Chrysler Lowell Treatment 
Imperial Thomas mean 
l 52.39 53 . 29 52 .85 
2 53 .>+3 53 . 87 5'3 .65 
3 53. 54 54. 96 54.2; 
Variety mean 53 . 12 54. 0l+ ............ 
~ growth eompar1$ons 
The total stem growth was recorded at two week inter-
vals after the plants were potted (Table 16) . Two weeks 
after potting, there was less stem growth on the plants 
which had been stored for two months as compared to those 
stored for only one month. Also, there was less stem growth 
on the plants stored for three months when compared to the 
plants which had been in storage for a two month period. 
The variety Lowell Thomas produced more stem growth than did 
the Chrysler Imperial plants . The treatment and variety 
interaction was significant at the .o; level . The growth 
produced by plants after four and six weeks was similar for 
all treatments and varieties . 
Table 16. Stem growth of Lowell Thomas and Chrysler Im-
perial roses after potting 
Treatment Weeks after potting Treat-
ment 
Chrzsler ImEeria.l towell Thomas mean 
2 I+ ~ 2 Ij: ~ 
1 16.4 l+l+.4 42 . 0 20 . 7 46 . 0 41 .9 3;. 2 
2 12. 7 36. 5 46.o 15. 8 33 .6 >+o .9 30. 9 
3 10. 6 43 .4 4? .7 11. 1 30. 5 33.1 29 .4 
Weekly mean 13 . 2 41.4 45. 2 15. 9 36. 7 38. 6 
----
Discussion 
There was no practical difference in the moisture 
content of the stems between the three storage treatments . 
The high humidity and low temperatures within the storage , 
resulted in uniform moisture content of the canes through-
out the storage period. 
The moisture content of the Lowell Thomas canes was 
considerably higher than that for the Chrysler Imperial when 
the plants were placed in storage , and was slightly higher 
when the storage period terminated. Thus , the canes of the 
variety Lowell Thomas dried at a faster rate than did those 
ot Chrysler Imperial . 
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The moisture content or the roots (Table 15) for 
both varieties gradually increased as the length of the 
storage period was extended. This was attributed to the 
uptake of moisture by the roots from the moist packing 
material . 
Stem growth data which was recorded two weeks after 
the plants were potted showed that the longer the plants 
were held in storage the slower the rate of bud break, 
regardless or variety (Table 16) , This can partially be 
attributed to a depletion of stored carbohydrates during 
the prolonged storage period. 
The variety Lowell Thomas produced more total stem 
growth than did plants of Chrysler Imperial two weeks after 
potting. This was expected,. since Lowell Thomas normally 
breaks bud and begins growing much more quickly than does 
Chrysler Imperial . 
Although plants of the variety r.owell Thomas pro-
duced more total growth after one month storage than did 
plants of Chrysler Imperial, both varieties produced essen-
tially the same amount of total growth if held in storage 
for a period of three months . This was believed to be the 
result of the greater food reserves contained in the large 
diameter canes of Chrysler Imperial . 
The difference 1n total stem growth between treat-
ments or between varieties ·on the 4th and 6th week after the 
76 
plants were potted was slight. The treatments which were 1n 
storage longer and had less stem growth two weeks after 
potting had about the same amount of stem growth four weeks 
after potting . This is explained by the fact that the stem 
growth data was taken at regular time intervals following 
potting , although the treatments were potted at one month 
intervals . Therefore, the longer a plant was in storage, 
the more favorable the forcing and growing conditions became 
1n the greenhouse . Increased day length and higher light 
intensities favored increased stem growth for treatments 
potted towards the end of the storage sequence . 
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SUMMARY AND CONCLUSIONS 
Summary 
This study was designed to determine if the problem 
of prolonged bud break on rose plants after removal from a 
nursery storage in the spring was due to either premature 
removal of plants from the field before they had reached 
maturity or was the result or plant desiccation during one 
of the phases of processing . In order to investigate this 
problem , six experiments were performed at various stages 
throughout the processing sequence . 
The maturity study was designed to determine if rose 
plants were mature at the beginning of the fall digging 
season in northern Cal1torn1a. It was also the objective 
of this study to compare the moisture content and rate of 
stem growth following potting of rose plants which were dug 
while in active growth to rose plants which were dug after 
reaching maturity . Utilizing the starch test devised by 
Lyle (25) .for evaluating plant maturity, it was found that 
the rose plants were of sufficient maturity at the beginning 
of the normal fall digging season to permit successtul 
handling and subsequent performance . The moisture content 
in the canes of the plants dug after reaching maturity was 
lower than that for the plants which were dug while still 
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in active growth. The opposite trend was observed for the 
moisture content of the roots of the two digging treatments. 
The total stem growth produced after potting and forcing 
was greater for the plants dug at maturity. 
The drying experiment was conducted to investigate 
the relationship between cane desiccation and performance of 
the plants following potting . In addition, this experiment 
was designed to determine if there was a correlation within 
plants between the moisture content of rose canes and the 
amount of stem growth resulting from these canes. Equal 
lots of root wrapped plants were exposed to room temperature 
for six day intervals over a period of thirty six days. 
After the particular exposure period for each treatment, 
the plants were then potted and forced in the greenhouse. 
The data showed that the canes dried out from the tip to 
the base, resulting in delayed or reduced bud break as 
moisture became limiting . On prolonged exposure, only buds 
located on the basal portion of canes were able to grow. 
A correlation coefficient was calculated between the mois-
ture content of the top one-third, middle one-third, and 
bottom one- third ot the cane and the stem growth resulting 
from these corresponding areas of the cane. '.l.'he average 
correlation coefficient for the variety Chrysler Imperial 
was . 6015 and . 6~54- for the Lowell Thomas. 
The objective of the shipping experiment was to 
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determine if rose plants lose sufficient quantities of mois-
ture during box car shipment from California to Iowa, to 
affect the growth performance of the plants following potting . 
The varieties Lowell Thomas and Chrysler Imperial were used 
in this study. Th~re was a signi~:~ant decrease in the 
moisture content of the canes of the plants shipped by box 
car as compared to plants shipped by parcel post. There was 
no difference in the moisture content of the roots between 
the plants transported by box car and those shipped by 
parcel post . There also was no difference between the two 
varieties 1n either cane or root moisture content. Although 
the decrease in the moisture content of the canes of the 
plants shipped by box car was of statistical significance, 
the amount ot drying was not of such extent as to aff eet 
the growth performance of either of these shipments . 
The object of the load evaluation experiment was to 
investigate the e:f'fect shipping conditions within _ box cars 
had on the moisture content and subsequent growth performance 
of shipped plants . Plants of the variety Christopher 
Stone were removed from three strata within the box car. 
There was no di:ff erence in the moisture content of the canes 
or roots of the plants from any of the locations within the 
ear. Regardless of location, there was no difference in the 
growth performance of the plants following potting and 
forcing . 
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The processing experiment was designed to determine 
if rose plants lose sufficient moisture during processing, 
(tmloading, pruning, grading, and bundling) to affect the 
growth performance of the plants after potting . Groups Of 
plants of the varieties Lowell Thomas and Chrysler Imperial 
were removed from a box car before processing and similar 
groups or plants were selected after they had been processed. 
There was no difference in the moisture content of the oanes 
or roots between the graded and non-graded plants of the 
variety Chrysler Imperial. However, the roots and canes of 
the Lowell Thomas plants lost appreciable moisture during 
the processing operation, which caused the buds to break 
predominately from the base of the canes . There was no 
difterence in the total stem growth between the two varie-
ties. However, the Chrysler Imperial plants had a large 
number of average sized new shoots whioh were evenly dis-
tributed over the canes, in contrast to the Lowell Thomas 
plants which produced a few extremely long stems originating 
from near the base of the old canes . 
The storage experiment was designed to determine if 
r<>se plants lost a sutfieient amount of moisture during the 
storage period to adversely effect the growth performance of 
the plants after potting . Plants or the varieties Lowell 
Thomas and Chrysler Imperial were placed in a storage fol-
lowing general nursery procedures. At one month intervals, 
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plants of both variet ies were removed and the moisture con-
tent of the canes and roots calculated. Plants of the 
variety Lowell Thomas had a higher moisture content in the 
canes than did those of the variety Chrysler Imperial. The 
roots of both varieties gradually.increased in moisture 
content as the storage period was extended. The growth 
performance or the plants decreased as the length of the 
storage period increased. This was attributed to decreased 
food reserves brought about by the extended period of holding. 
Conclusions 
1. On the basis of the starch test used to determine 
relative plant maturity in this study, rose plants are 
mature at the onset of the normal fall digging season 
(December 15) .in northern California . 
2. Plants of the varieties Lowell Thomas and Chrysler 
Imperial dug after reaching maturity have a lower 
moisture content than do plants which are dug while 
still actively growing . 
3. Mature rose plants of the two varieties used 1n this 
experiment produced more growth than did plants dug 
without a normal check in growth. 
4. The variety Lowell Thomas generally has a higher average 
moisture content than does the variety Chrysler Imperial . 
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This is due to the fact that the pith occupies a greater 
portion of the eross sectional area of the stem in the 
variety Lowell Thomas than it does in Chrysler Imperial 
stems. 
5 • . The rate of drying is greater for canes from rose plants 
of the variety Lowell Thomas than for canes from Chrysler 
Imperial plants. This is attributed to the larger di-
ameter and anatomical stru.cture of the canes of the 
Chrysler Imperial plants slowing the rate or desiccation 
for this variety. 
6. Upon exposure to a drying atmosphere, rose canes lose 
moisture more rapidly from the distil portion than from 
proximal area. 
?. The amount of stem growth produced from any one segment 
of a cane, two weeks after the plant was potted, is 
directly correlated with the moisture content of that 
unit . 
8. Under conditions of this experiment, the moisture 
loss from rose plants during shipment by box car, was 
not critical to the point of impairing growth perfor-
mance after potting. 
9. The moisture content of the canes and roots of plants 
shipped by box car were similar regardless of location 
within tine loau. The growth performance of all plants 
within the load was uniform. 
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10. Plants ot the variety Lowell Thomas dried out during 
processing to the point that resulting bud break 
occurred predominately from the base of the canes . 
The Chrysler Imperial plants were not adversely affect-
ed by the processing operation. 
ll . The moisture content of the roots of roses packed in 
moist sphagnum moss increased with the length of the 
storage period. 
12. The total stem growth produced. by the varieties Lowell 
Thomas and Chrysler Imperial was inversely proportional 
to the length of storage. 
1 . 
2. 
4. 
6 . 
8. 
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